Little information exists regarding long-term psychological health of hematopoietic cell transplantation (HCT) survivors. Utilizing resources offered by the Bone Marrow Transplant Survivor Study (BMTSS), we evaluated adverse psychological outcomes in 1065 long-term HCT survivors and a healthy comparison group composed of siblings. Psychological health status was evaluated using the Brief Symptom Inventory-18. Twenty-two percent of the HCT survivors reported adverse psychological outcomes, compared with 8% of the siblings. Exposure to prednisone was associated with psychological distress across all domains (anxiety, depression and somatic distress). Fifteen percent of the HCT survivors reported somatic distress, representing an almost 3-fold higher risk comparing to siblings. Among survivors, in addition to low annual household income and self-reported poor health, having severe/life-threatening conditions and presence of active chronic graft vs. host disease were associated with a two-fold increased risk for somatic distress. Seven percent of the HCT survivors expressed suicidal ideation; patients with higher scores on depression subscale were most vulnerable. This study demonstrates that somatic distress is the biggest challenge faced by survivors long after HCT.
INTRODUCTION
Hematopoietic cell transplantation (HCT) is an established curative option for hematologic malignancies. Advances in transplantation techniques and supportive care strategies have resulted in significant improvements in survival; more than 70% of those who survive the first two years after HCT are expected to become long-term survivors.
1-3 However, recovery after transplantation is prolonged, often due to complications such as chronic graft versus host disease (GvHD), cardiopulmonary compromise, endocrinopathies, musculoskeletal disorders, and subsequent malignancies. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Recently, we have demonstrated that the cumulative incidence of severe or life-threatening chronic health conditions approaching 35% at 10 years after HCT. 17 These complications contribute significantly to the late morbidity and mortality experienced by HCT survivors, 2, 3, 17 with a potential impact on their psychological health.
Cross-sectional studies have described psychological health from 1 to 10 years after HCT, with varied and often contradictory results. [18] [19] [20] [21] [22] [23] [24] [25] [26] This inconsistency in the reports is likely due to incomplete long-term follow-up of cohorts, resulting in participation bias of the relatively small cohorts of participants, and varied outcome measures used across studies. Longitudinal studies carry the advantage of a pre-HCT baseline assessment, and the ability to describe recovery after HCT, but are limited by relatively short follow-up (1 to 5 years), and small number of subjects when the follow-up extends beyond 3 years. Previous longitudinal studies indicate that 14% to 90% of HCT survivors report psychological distress [27] [28] [29] [30] [31] ; and that recovery after HCT occurs gradually over 1 to 5 years 32 . However, it is difficult to extrapolate these short-term findings to long-term survivors. Furthermore, given the increasing burden of morbidity carried by long-term survivors of HCT, the impact of chronic health conditions on their psychological health remains to be determined.
The current study addressed these gaps by utilizing the resources offered by the Bone Marrow Transplant Survivor Study (BMTSS). The aims of the current study were to: 1) describe
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From the prevalence of adverse psychological outcomes in a large cohort of long-term HCT survivors and to understand if this differed significantly from an unaffected population; 2) among HCT survivors, to identify demographic and clinical risk factors associated with adverse psychological outcomes; 3) examine the contribution of chronic health conditions to the psychological health of long-term HCT survivors; and 4) describe the prevalence of adverse outcomes with increasing time from HCT.
SUBJECTS AND METHODS

SUBJECTS
BMTSS is a collaborative effort between City of Hope (COH) and University of Minnesota (UMN), describing long-term outcomes reported by HCT survivors. Eligible participants were individuals who had undergone autologous or allogeneic HCT at COH or UMN between 1974 and 1998 for a hematologic malignancy or severe aplastic anemia (SAA); had survived at least two years post-transplantation; and were 18 years of age or older and alive at study , and patients with SAA were considered being at standard-risk for relapse; the remainder were considered at high-risk.
BONE MARROW TRANSPLANT SURVIVOR STUDY QUESTIONNAIRE
HCT survivors and siblings completed a 255-item questionnaire, which covered the following general areas: sociodemographic characteristics (race, education, marital status, employment, household income, and insurance); diagnosis of specific physical health conditions; presence or absence of active chronic GvHD in the preceding 12 months; access to and use of medical care; self-reported health status (poor, fair, good, or excellent) and self-reported psychological health status (described below).
Chronic physical health conditions diagnosed after HCT were graded using the Common Terminology Criteria for Adverse Events version 3.0 (CTCAEv3.0). 33 The CTCAEv3.0 is used to grade acute and chronic conditions in individuals with cancer, including cancer survivors, and distinguishes grades 1 through 5 with unique clinical descriptions of the severity for each event (grade 1, mild; grade 2, moderate; grade 3, severe; grade 4, life-threatening/ disabling; grade 5, death due to chronic health conditions). The same scoring system was applied to responses from the sibling comparison group. A detailed description of the questions asked in the BMTSS questionnaire, the corresponding chronic health condition categories that were created from the responses, and the scoring of these conditions is presented in a publication by Sun et al.
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PSYCHOLOGICAL OUTCOMES
Psychological health status was evaluated using the Brief Symptom Inventory-18 (BSI-18). BSI-18 measures psychological distress by using 18 five-point Likert scale items (from 0="not at all", to 4="extremely") related to symptoms experienced during the previous 7 days (Table 1) . 34 In the analysis restricted to HCT survivors, a fixed set of explanatory variables were selected a priori and were retained in the model to assess their simultaneous impact on adverse psychological outcomes. These variables included gender, age at HCT (per 10 years), time since HCT (per 10 years), race (non-Hispanic whites vs. others), marital status, education (less than high school/completed high school vs. some college or higher education), annual household income (<$20,000 vs. $20,000-$60,000 vs. >$60,000), health insurance coverage (yes vs. no), risk of relapse at HCT (standard vs. high risk) and grade of chronic health conditions (none vs. grades 1 or 2 vs. grades 3 or 4). After taking these variables into consideration, the following variables were included in the multivariate model one at time to avoid collinearity: primary cancer diagnosis, stem cell donor type (autologous vs. related vs. unrelated donor), exposure to total body irradiation (TBI), presence of chronic GvHD (for allogeneic HCT survivors only), exposure to immunosuppressants (for allogeneic HCT survivors only). The chronic GvHD variable was categorized into three groups; "active chronic GvHD", "resolved chronic GvHD" and "no chronic GvHD". Active chronic GvHD was defined as presence of chronic GvHD requiring active intervention within the 12 months prior to study participation. Resolved chronic GvHD was defined as history of chronic GvHD that had not required active intervention in the past 12 months. Exposure to immunosuppressants referred to exposure to any agents that were used to prevent or treat acute or chronic GvHD. Three agents were primarily used during this time period when these transplants were performedmethotrexate, cyclosporin, and prednisone. Exposure to these agents was collected as a "yes/no" variable, and included current as well as past exposures. The prevalence of adverse psychological outcomes by time since HCT was examined using Cochran-Armitage test for trend. Data was analyzed using SAS 9.2 (SAS institute, Cary, NC).
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RESULTS
CHARACTERISTICS OF THE STUDY POPULATION
Of the 1717 eligible survivors, 1539 (90%) were successfully contacted; of these, 1065 (69%) participated in the study. Participation rate did not differ by survivors' disease status at HCT or by transplanting institution. However, non-Hispanic whites (p=0.001) and females (p=0.01) were more likely to participate; participants were older at HCT (mean age: 35 vs. 29 years, p<0.001), and had been followed for a shorter period of time after HCT (mean length of follow-up: 8.7 vs.
10.4 years, p=0.01). Patients who had undergone HCT for SAA were less likely to participate compared to those with other diagnoses (p=0.05). (Figure 1 ). After adjustment for age at study participation, gender, race, education, household income, health insurance status, self-reported health status, and presence and severity of chronic health conditions, survivors were 2.9 times more likely to report somatic distress (OR=2.88, 95% CI=1.4-5.8), but not anxiety, depression or global distress ( Figure 1 and Table 3 ).
ADVERSE PSYCHOLOGICAL OUTCOMES AMONG HCT SURVIVORS
The proportion of survivors reporting somatic distress declined significantly over time (2-5 years from HCT: 21%; 6-10 years: 16%; and 11+ years: 11%, p for trend<0.001). On the other hand, the proportion of survivors with anxiety or depression remained unchanged over this time period (Figure 2A ). These trends differed by type of HCT. Among autologous HCT recipients, the proportion of survivors reporting anxiety (p for trend=0.03), somatic distress (p for trend=0.005) and global distress (p for trend=0.04) declined over time ( Figure 2B ). On the other hand, among allogeneic HCT recipients, while the proportion of survivors with somatic distress (p for trend=0.006) declined over time ( Figure 2C ), the proportion of survivors with anxiety, depression and global distress appeared to increase for the first 10 years, with declines thereafter.
Examination of demographic and clinical variables associated with adverse psychological outcomes using multivariate logistic regression techniques are detailed in Table 4 .
The likelihood of reporting adverse psychological outcomes did not differ by primary cancer Depression: Male gender, younger age at study participation, lower household income, poor self-reported health status, TBI-based conditioning, and shorter time since HCT were associated with depression. Among allogeneic HCT recipients, exposure to prednisone was also associated with a higher likelihood of reporting depression. Again, the association persisted after adjusting for chronic GvHD in the model (without chronic GvHD in model: OR=2.27, p=0.01; with chronic GvHD in the same model: OR=2.21, p=0.01).
Somatization: Lower household income, poor self-reported health status, shorter time since HCT, and TBI-based conditioning were associated with somatization. Severe/life-threatening conditions (grades 3 or 4) were associated with a 2.3-fold increased risk of reporting somatization. Among allogeneic HCT recipients, exposure to prednisone and presence of active chronic GvHD were associated with an increased risk of reporting somatic distress in separate models. However, inclusion of chronic GvHD in the model with prednisone somewhat attenuated the association between prednisone and somatization (without chronic GvHD in model: OR=1.80, p=0.04; with chronic GvHD in the same model: OR=1.68, p=0.07).
SUICIDAL IDEATION
Although a higher proportion of HCT survivors reported suicidal ideation (6.7%) when compared with siblings (2.3%), adjustment for household income eliminated the difference between survivors and siblings (p=0.18).
Among HCT survivors, low household income (OR=2.23, 95% CI, 1.1-4.4 for income $20-60,000; OR=3.06, 95% CI, 1.3-7.1 for income <$20,000; referent group >$60,000), and poor self-reported health status (OR=3.15, 95% CI, 1.7-5.7) were associated with a higher likelihood of reporting suicidal ideation. Of note, presence and severity of chronic health conditions did not increase the likelihood of reporting suicidal ideation. In general, survivors with poor psychological outcomes were more likely to report suicidal ideation (OR for global distress = 7.98, 95% CI, 4.3-14.7). Each of the subscales (anxiety, depression, and somatic distress) was associated with suicidal ideation when examined individually. However, inclusion of these subscales in the same model resulted in depression as the only subscale associated with suicidal ideation (OR=11.59, 95% CI, 6.0-22.5). In order to further explore the association between suicidal ideation and depression, we classified patients with depression into categories according to the increasing T-score (63-65 and ≥ 66) indicating higher severity of depression. As anticipated, while the risk of suicidal ideation was elevated for both levels, patients with T-score ≥ 66 were at the highest risk of suicidal ideation (OR=15.20, 95% CI, 7.1-32.4), while those with T-score between 63 and 65 were at a lower risk (OR=8.24, 95% CI, 3.6-19.0: referent group Tscore <63).
DISCUSSION
The overall goal of this study was to describe the prevalence of adverse psychological outcomes experienced by long-term HCT survivors; to understand if the prevalence differed significantly from a healthy population consisting of siblings; and among those treated with HCT, identify clinical and demographic variables associated with an increased risk of adverse psychological outcomes. One in five HCT survivors reported poor psychological outcomes, in comparison to less then 1 in 10 siblings. While adjustment for relevant sociodemographic variables abrogated the difference in global distress, depression and anxiety between HCT survivors and siblings, somatic distress remained a significant challenge faced by survivors.
HCT survivors were at an almost 3-fold higher risk of reporting somatic distress when compared to siblings, even after accounting for chronic health conditions.
Most of the previous studies have focused on anxiety and depression in the first few years after HCT 31,39-42 ; anxiety and/or depression have been reported in up to 40% of patients prior to HCT 39,40 , gradually declining during the first year 31,42 . However, Hjermstad et al did not find any differences in the rates of anxiety or depression in a cohort of patients followed prospectively for 3 to 5 years after HCT, when compared with population norms. 42 The latter findings are similar to the current report, where, with the exception of somatic distress, the prevalence of survivors with poor psychological outcomes is not different from siblings.
Furthermore, the current study demonstrates that the risk of psychological distress declines with time from HCT, indicating that adverse psychological outcomes are less pronounced once the initial intense period surrounding the HCT procedure is over. However, certain subgroups continue to be at increased risk, as detailed here.
Low annual household income was associated with global distress, anxiety, depression and somatic distress in this study. These findings are similar to those observed in the general population, where the National Health and Nutrition Examination survey data demonstrates that should be provided to these survivors to alleviate the risk of developing psychological problems.
Self-reported impaired health status was associated with global distress, as well as poor outcome in all three subscales. The fact that this association is independent of the presence of chronic health conditions calls for close attention to the reasons for survivors' self-rated health status. Active chronic GvHD was associated with somatic distress and global distress, while resolved chronic GvHD was not. Finally, exposure to prednisone for management of chronic GvHD was associated with psychological distress across all domains. This finding is consistent with existing literature suggesting that corticosteroid exposure is associated with an elevated level of psychological distress. Patten reported that in the general population, persons taking corticosteroids have a higher prevalence of major depression than those not taking the drug.
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Gift et al reported that depression rate was higher among COPD patients receiving steroids than those not receiving steroids. 46 Holsboer suggested that impaired corticosteroid receptor signaling might be a key mechanism in the pathogenesis of corticosteroid related depression.
47
In order to examine whether the association with prednisone was explained by active chronic GvHD in the current study, we examined this association adjusting for active chronic GvHD in the model. The fact that the association remained intact after adjusting for active chronic GvHD suggests that prednisone plays an independent role in the development of adverse psychological outcome. The only exception was somatization, where the association with prednisone was somewhat attenuated, indicating that the association between prednisone and somatic distress was explained to some extent by the presence of active chronic GvHD.
The current study demonstrates that after a median follow-up of 7 years, somatic distress persists as a significant problem faced by survivors. HCT survivors with lower
household income, poor self-reported health status, shorter time since HCT, severe/lifethreatening conditions (grades 3 or 4), and among allogeneic HCT recipients, exposure to prednisone and presence of active chronic GvHD were associated with an increased risk of reporting somatic distress. In order to reduce the burden of somatic distress in this population, specialized multidisciplinary management involving both physician and psychologist is needed.
While 11% of the HCT survivors reported high scores on the depression subscale, this rate did not differ significantly from the siblings after adjustment for relevant sociodemographic factors. Of note, individuals with a low annual household income were more likely to report higher scores on the depression subscale, consistent with the reports on childhood cancer survivors. 48 In addition, among HCT survivors, those who reported poor health status were more likely to report higher scores on the depression subscale. Furthermore, younger individuals, males, and those with shorter follow-up from HCT were more likely to report depression.
Survivors were more likely to report suicidal ideation compared to siblings -a difference that was accounted for by low income. Among HCT survivors, depression was the single most important factor associated with suicidal ideation, consistent with reports from studies focusing on childhood cancer survivors. 49 Furthermore, increasing severity of depression was associated with a higher risk of suicidal ideation. However, unlike childhood cancer survivors, presence of chronic health conditions was not associated with suicidal ideation in HCT survivors.
Only 5% of the survivors reported anxiety -a proportion that did not differ significantly from the siblings, after adjustment for sociodemographic variables. Low income and poor selfreported health status were again associated with a higher level of anxiety. The comparable level of anxiety between survivors and siblings is expected due to the long follow up time after
HCT. Previous longitudinal studies indicate that recovery after HCT occurs gradually over 1 to 5 years 32 . Hjermstad et al also did not find any differences in the rates of anxiety or depression in a cohort of patients followed prospectively for 3 to 5 years after HCT, when compared with population norms.
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Certain limitations should be considered when interpreting these findings. In the current study we did not control for variables such as coping and social support that are known to impact psychological well being. 31 In order to clearly identify the impact of HCT on the risk of adverse psychological outcomes, a control population, consisting of patients with similar diseases but treated with conventional therapy without transplantation would be ideal. However, there are very few clinical scenarios where otherwise identical patients are randomized to conventional treatment vs. HCT. In essence, patients undergoing HCT are likely to be more heavily pre-treated, and at a higher risk of relapse. Thus, a direct comparison between patients treated with conventional therapy and those treated with transplantation is impractical. Siblings were used as a control group, rather than relying on normative data for comparison. The proportion of siblings whose GSI scores approximated clinical distress levels fell well within the range found in the general population, making them more like the general population than different. While there are some areas where siblings might indicate more problems than the general population, the survivor-sibling comparisons would make significant differences clinically meaningful and conservative. The participation rate was 69%, and could have resulted in self-selection and reporting biases, contributing to an underestimation of deficits by excluding survivors who are having more difficulty adjusting or are unable or unwilling to participate. The study relies on self-reported psychological symptoms experienced within the 7 days prior to participation. Such a cross-sectional evaluation does not capture other relevant psychosocial adjustment issues and may not be sensitive to other temporal patterns of psychological distress or the possibility that symptoms may have originated prior to HCT. Finally, the cohort included patients transplanted between 1974 and 1998. Although this allowed for a long follow-up time, the outcomes reported in this study might not necessarily represent the expected For personal use only. on October 22, 2017. by guest www.bloodjournal.org From (psychological) outcomes of patients transplanted today, due to changes in transplantation technology and supportive care. However, by the time the patients transplanted today become long-term survivors, the transplantation strategies of today will have evolved, making the findings less applicable again. It is for this reason that the current study focused on examining certain disease and treatment variables that have remained relatively stable over the years, such as exposure to TBI (acknowledging that dose, fractionation and schedule may have evolved), development of chronic GvHD, and exposure to steroids. These issues are as pertinent and broadly applicable today, as they were in the 1980s and 1990s.
These limitations notwithstanding, the major strengths of this study are the large patient population followed long-term; evaluation of psychological outcomes using a well-validated instrument; and utilization of a relevant comparison group. Most of the previous studies of HCT survivors have been limited because of small, homogeneous clinical samples, and do not include appropriate comparison groups. This study recruited a diverse patient population, representing a full spectrum of HCT populations thus allowing much greater generalizability of the findings. Unlike some of the previous studies, the large sample permitted analyses that identified vulnerable subgroups and specific factors that are associated with poor psychological outcome. Finally, the current study is the first to examine the contribution of chronic health conditions in the overall magnitude and severity of psychological distress reported by HCT survivors.
Although the prevalence of adverse psychological outcomes reported by HCT survivors is similar to that reported by an unaffected sibling comparison group (with the exception of the nearly 3-fold higher risk of somatic distress reported by the survivors), there are wellcharacterized subpopulations that are at a significantly higher risk for psychological distress.
HCT survivors with low annual household income, those with impaired self-reported health status, those with active chronic GvHD and those managed with prednisone for their chronic For * Two subjects with unknown race; six subject with unknown education; 90 subjects with unknown household income; 18 subjects with unknown insurance status; three patients with unknown risk of relapse status at HCT. **Key chronic health conditions within each category shown here. Some participants reported more than one condition -and therefore the total number within each category does not total the sum of conditions show here.
NA denotes not applicable; HS denotes high school. Percentages are based on the total number of participants who provided data for each variable, rather than on the total number of subjects in the cohort; percentages may not total 100 because of rounding.
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